An unusual patient with Ebstein's anomaly of the tricuspid valve and the Wolff-Parkinson-White syndrome is presented. Ventricular pre-excitation related to conduction over both a right posterior Kent bundle and Mahaim fibers coursing from the atrioventricular node to the right ventricle. Two types of supraventricular tachycardia were demonstrable. These were due to re-entry involving antegrade conduction over either the normal or Mahaim paths, and retrograde conduction via the Kent bundle. Surgical division of the Kent bundle has abolished the clinically debilitating arrhythmias.
THE SUSCEPTIBILITY of patients with ventricular pre-excitation to paroxysmal tachycardia has been recognized for many years.' Elucidation of the underlying mechanisms has recently been greatly enhanced by preoperative and intraoperative electrophysiological studies.2 It appears that most cases of classical Wolff-Parkinson-White syndrome are due to conduction over accessory (Kent) connections between the atrium and ventricle which bypass the atrioventricular node (AVN). Conduction over fibers coursing between the atrium and the lower part of the AVN (James tracts) is one of several postulated mechanisms for those cases in which tachyarrhythmias are associated with a short P-R interval and normal QRS complex (the Lown-Ganong-Levine syndrome).6 It has been proposed that AVN-ventricle or bundle of His-ventricle bypass (Mahaim fibers) may explain the rare forms of pre-excitation associated with a normal P-R interval.7 ' 8 The present case is reported because of the coexistence of Kent with LBBB configuration initially suggested supraventricular tachycardia with aberration, with slowing due to participation of a left-sided accessory path. However, during tachycardia with LBBB configuration, the onset of ventricular activation on the surface electrocardiogram preceded His bundle activity by 35 msec. In contrast, during tachycardia associated with normal conduction, antegrade His deflections were noted with H-V of 50 msec. During both forms of tachycardia (and during right ventricular pacing) the earliest site of retrograde atrial activation was the lower lateral right atrium, followed successively by the medial right atrium (measured from the His bundle catheter) and the proximal coronary sinus. This eccentric se(luence of retrograde atrial activation suiggested that ventriculo-atrial conduction in both types of tachycardia was via an accessory pathway in the posterior right ventricular free wall. Both tachycardias could be terminated by appropriately timed single atrial and ventricular premature beats.
Pacing the bundle of His at a cycle length of 400 msec (approximating that of the tachycardia associated with L3BBB configuration) with a stimulus-V interval of 50 msec was associated with 1:1 normal intraventricular conduction (QRS duration: 70 msec). There was therefore no evidence of organic bundle branch disease. During right ventricular pacing at cycle lengths decreasing to 400 msec, the interval between the stimulus and atrial electrograms remained constant.
It was concluded that an anomalous Kent connection passed between the right atrium and right ventricle. The etiology of the LBBB tachycardia was less certain, but three possibilities were entertained: 1) a re-entrant rhythm utilizing Mahaim fibers passing
A . . Becauise of the patient's previouis failure to respond to antiarrhvthrnic agents, he underwent cardiac surgerv oni Februarv 4, 1974. At operation, bipolar and tuniipolar potentials were recorded from the epicarditum of the exposed heart. During pacing of the right atrial appencdage, the earliest area of ventricular activatioii was the posterior surface of the right ventricle approximatelx 2 em to the right of the posterior desenlding arterv ( fig. 4 ). Activation spread radially from this site aind was recorded 120 msec later in the normal site of epicardial breakthrough in the area tralecularis on the anterior paraseptal surface of the right ventricle.'0 During episodes of supraventricular tachvcardia, the earliest area of retrograde atrial activation was also posterior and to the right of the septuim, adjacent to the A-V ring. Atrial mapping during right ventricular epicardial pacing showed that this site of earliest atrial activation (70 msec later than the adjacent ventricular epicardium) was located opposite the point of breakthrough on the ventricles in sinus rhvthm ( fig. 5) Figure 6 Cross-sectional diagram of the heart at the level of the A-V valves. A Epicardial map during tachycardia (cycle length 470 msec) noted during surgery. This arrhythmia occurred after division of the Kent bundle by incision in the A-V ring.
was much more likely as an explanation of the preoperative LBBB arrhythmia than right ventricular tachycardia.
Pacing from the region of the bundle of His at cycle lengths of 600, 500, and 400 msec was also associated with 1:1 conduction. However, as in the preoperative study, His bundle pacing (stimulus-V interval of 50 msec) was associated with normal intraventricular conduction with no evidence of LBBB ( fig. 9 ). In contrast to the preoperative study, there was no evidence of retrograde His activity nor retrograde V-A conduction during pacing from the right ventricular apex at cycle lengths from 700 to 300 msec. Arrhythmias could not be induced by scanning diastole with premature beats during pacing of either the right atrium or right ventricle. The findings in this postoperative study could be totally explained in terms of conduction over either the normal pathway (normal conduction pattern) or Mahaim fibers passing from the AVN to the right bundle branch system (LBBB pattern) or both (ventricular fusion).
Discussion
Surgical therapy is unnecessary for the majority of patients with Wolff-Parkinson-White syndrome. However, should surgery be considered, electrophysiological evaluation of the mechanism producing preexcitation is a necessary prelude. It is important in this preoperative evaluation to recognize multiple accessory pathways, should they exist. In this patient, a tentative preoperative diagnosis of two anomalous conduction paths was made, both of which apparently participated in re-entrant arrhythmias. The following observations suggested that an A-V bypass of the Kent type passed between the right atrium and right ventricle:
1) The onset of ventricular activation preceded the recording of electrical activity from the bundle of His." The degree of this pre-excitation was selectively increased by right, but not left atrial pacing. 2 2) During both forms of supraventricular tachycardia and during right ventricular pacing, the earliest retrograde intracavitary electrogram was registered from an abnormal site in the lateral right atrium rather than the medial right atrium or coronary sinus.
3) Preoperatively, the relative constancy of ventriculo-atrial conduction time during right ventricular pacing also suggested that retrograde conduction was over an accessory pathway rather than through the A-V node.12 This preoperative diagnosis of a right-sided Kent connection was substantiated by the findings during epicardial mapping, and the abolition of pre-excitation and the absence of postoperative arrhythmias (other than tachycardias possibly originating in the A-V junction in the immediate perioperative period) after surgical incision at the site appear to definitely prove its location. This location of the accessory Kent bundle concurs with the previous findings in patients with Wolff-Parkinson-White syndrome who had a similar electrocardiographic pattern.'3-'" Division of this Kent bundle was undertaken because the retrograde atrial activation sequence suggested its participation in both forms of preoperative tachycardia.
Even after surgical division of the Kent bundle, during sinus rhythm or atrial pacing at cycle lengths less than 700 msec, electrical activity from the bundle of His was displaced and appeared within QRS complexes which had LBBB configuration associated with a long P-R interval. Additionally, ventricular fusion beats of intermediate morphology (between that of normal intraventricular conduction and LBBB) and Figure 9 The onset of pacing from the region of the bundle of His at a cycle length of 500 rsec. His bundle pacing (second and third complexes) abolished the pre-existing pattern of left bundle branch block (first complex).
with variable H-V intervals were observed. These two observations excluded rate-related LBBB and strongly suggested the presence of a second accessory pathway. Slow conduction through a second Kent bundle'6 ("slow" because of the long P-R interval in sinus rhythm) could be excluded as a classical LBBB pattern but no delta wave was observed, and the intraoperative map during tachycardia with LBBB configuration demonstrated no pre-excitation at the A-V groove. This latter finding has invariably been present with pre-excitation due to Kent bundles; even 11 septal accessory pathways mapped to date at this institution demonstrated pre-excitation at the A-V groove. The normalization of ventricular complexes with His bundle pacing at cycle lengths associated with LBBB during atrial pacing excludes a His-right ventricle Mahaim connection. The observations appear fully explicable by the existence of a Mahaim-type connection coursing from the lower end of the AVN to the region of the right bundle branch bypassing the normal His-Purkinje system. We believe that the absence of a delta wave with conduction over these Mahaim fibers can be explained by the presence of fibers that insert into the right bundle branch system rather than the ventricular myocardium.
Mahaim and Winston'7 originally described fibers connecting the penetrating portion of the bundle of His and the upper part of the ventricular septum. These fibers, present in normal man, were invoked in paraspecific septal conduction. Since their original description, the term "Mahaim fibers" has been extended to include fibers passing from the lower part of the AVN to the adjacent ventricular myocardium. '8' 19 Clues to conduction over Mahaim fibers have been said to include the presence of a normal or prolonged P-R interval with a delta wave7' 8 and the retention of pre-excitation with beats of A-V junctional origin'ò r after the development of disturbances of normal A-V conduction. 18 It is also possible that some cases of apparent "supernormal" conduction in an anomalous evidence that the point of take-off of the Mahaim bypass was at or below this level. This is the first report of normalization of intraventricular conduction during pacing of the His bundle as evidence for conduction over fibers emanating from the AVN.
The ability preoperatively to initiate and terminate tachycardias by a single premature beat suggested reentry (after functional dissociation of conduction pathways) as the underlying mechanism. 9 The atrial activation sequence suggested that retrograde conduction during the two re-entrant tachycardias was always over the Kent bundle. The retrograde conduction properties of this bundle appeared to be such that ventriculo-atrial conduction could be sustained at rates comparable to those of the two forms of atrial tachycardia. Antegrade conduction during tachycardia apparently could occur over two different paths ( fig. 10) 
